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ESIBfflCATIQN CATAI.Y?Tg 

The invention concerns esteiificalion catalysts and in particular 
esterSkation c^aiysts which comprise novel or^noaanium, organozirconiimi or 
or^noatuminBHTi compounds. 

5 OrganotiiaEnium compounds and. in particuiar.. titanum alcoxides or 

orthoesters are known as catalysts for esterificaSon processes. Dutig the 
esterification. these compounds are frequenSy conv&ted to insoiuble 
compounds of titanium wt^ch resiit in a hazy product. The preserxre of a haze - 
is a particular disadvantage in poiyesters which have a high viscosity and/or high 

10 mettinQ pdnt and sre th^cfee difficult to Ster. FurthefTnore. many 
orgamtitanium compounds which are effective ca^ysts in the mara^acture of 
polyesters such as polyethyiaie terephth^ate are known to produce 
unacceptable yellowing in the final polymer. Our co-pencfrig ^ication, 
put)fehed as GB 2 314 081 rel^ to ari esterificaoon process in which these 

i5 problems are pstialty solved but there s stifi a need lor a catalyst wfach ffiduces 
little or no yellowing in a polyester produced using the cat^ysL 

It is an object of the present rrvention to provide an improved catalyst for 
a process for preparing esters. 

Accorcfing to the invention, an organomet^ compound siJtaUe for use 

20 as a caialyst for the prepsation of an ester comprises the reacticvi product at an 
ortho^ter or condensed orthoesier of titaitum, zirconium or atumsnium, an 
alcohol containing at least two hydroxy! grou^. an organophosphorus 
compoiffid contaning at least one P-OH group and a base. 

Also according to the invention, a process for the prep^nbon of an ester 

25 comprises carryvig out an esterffic^kxi reacfon in the preserve of a caldyst 
con^vtsmg the reaction product of an orthoesto* or condensed ortuester of 
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titanium, zircoryum or ^urmuum. si ^cxM cont^wig at least two hydroxyi 
groi^js, an organophcsphorus ccarnxind containing at least one P-OH ^oup 
and a base. 

in a further emsodiment the org^K)metafiic compoind suttat>te for use 
5 as a catalyst in an esls^ication process comprises the reac&on proc&jct of m 
CKthoester or cc^njensed orthoester d titankim, zaronami ex alun^wim, an 
^cohol containffig ^ least two hytiroxyl groups, an cr^rophosphorus 
conpotdTxl containing at least me P-OH group, a base arxJ a 2-liydroxy 
calxwyiiG add. 

10 The org^KKnet^ic contpomj of the invention is ttie reactk^ product of 

a titaiaim, zrcOTium or akaninaim wttioester or condensed ofthoe^«", an 
^cohd containing a: ^sast two hydroxyf groups, an organqi^K^phmis 
compcxjnd containing at least one P-OH group and a base, PrefOTbly. the 
orthoesta- h^ the fwrnda M{OR)« or AI(C^)3 where M is tteiwm or zrconium 
15 and R s an ^kyl youp. More prelerabiy R contains 1 to 6 carbOT atoms and 

paticularty suft^e ortx)ester5 bdude tetrais^ropoxy tit^um. tetra-n-butoxy 

- ■ ..o 

titaniun, tetra-n-propoxy zirconiun, tetra-n-butoxy zirconiiffn aid 
tetra-«o-butoxy ^uminaan. 

The condensed orthoesters sizable for preparwig the compounds erf this 
20 fftVCTfion are typically prepared by carefU hydrdysis of titanium, zaowmjm or 
alumirewn cffthoesters, TitOTkjm or zirc o niu m condensed orthoesters are 
fret^iertly represented by the fbrmuia 

R'0[M{0R'l20)„R' 

m which represents ai alkyl goup and M represents tftaniimi or zrconajm. 
25 PrefeabJy. n is less than 20 and more preferably is less than 10. Prrferabty, R^ 
contains 1 to 12 carbon atoms, more preferably, R' contains 1 to 6 cartxyi atoms 
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and useful condensed orthoesters ndude the confounds known as polybutyl 
titanate. polysopropyt titanate and polyfoutyl zirconate. 

Preferably, the ^cohoi coraaming at te^ two hydroxyl groups is a 
dihydric alcx>hol and csi be a such as 1^-etha«ljol or l^-propanedol. 
5 a lA-did such as 1 >propanecfioi, a 1.4-diol such as r4-butanedJ0l, a diol 
containing non-termini hydroxyl groups such as 2-methy!-2,4-pentaneifiol or a 
dthyc^ alcohol containing a knger chain such as (Sethylene glycol or a 
polyethylene glycol. Preferred dtiydric alcohols are 12-ethanediol and 
diethylene glycol. The organomet^ compound cai also be prepaed frwn a 

10 polyhyrfric alcohol such as glycerol, fiimethylolpropaTe or penta^ythritol. 

Preferably, the organometaiic compound useful as a catalyst is pre^tsted 
by reacting a dihydric icohol with an orthoester or condmsed orthoester gi a 
ratio of from 1 to 16 motes of dirytfrjc alcohol to each mole of titanium, zffconkmi 
a- atoninium. More prefKably, the reaction product cont^is 2 to 12 motes of 

15 d&Tydrk: alcohol per mote of titankim, zBTConium or aluminium and most 
preferably 4 to 8 motes dftiydnc alcohol per mote of titanium, zir co nt gn or 
aluminium. 

The organophcsphorus compwnd which co n tains at least one P-OH- 
g-oup can be selected from a mffti^er of orgarv3(^x>sphcvus conpomls 
inducfing phosphates, pyrophosphates, phosphonates. phosphinates md 
phosphites. 

Preferably, the organophcsphorus conpound is a substituted or 
unsubstituted allcyt phosphate, a substauted or itf)s«^>stituted aryt phosphate or a 
phcsphate of an alkytaryt ^ycd ether or an aficyl glycol ether. Preferred 
25 compounds include monoaBcyt acid phosphates and dialkyi add phosptates aid 
mixture of these. Particularly conveni^ organophosptmis compourtds are the 
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compounds oc^rm rdaiy availabie as alkyl acid phosphates and coitasvig* 
pnnc^)a^, a mixture of mono- and dl-alkyi phosphate es^. When ai aScyi 
phosphate is i^ed, the organic group pref&et^ cont^ns lh) to 20 cartx^ atoms, 
more preferably up to 8 cartwn atoms aid. most preferably, up to 6 cartjon 
5 atKxns. When aikylaryl or aflcyl ^ycoi ether phosphates are used the cartx>n 
char length is prefera)<y to 18 cartxin atoms emd, more f»eferabty, 6 to 12 
c^t)on atoms. Parttaialy preferred orgai)ophosphon^ compoimds onckide 
butyl acid pho^ate, potyethyierie glycol phosphates and aryl poty^hylene 
glycol Phosphates. 

10 amount of c^gaiophosF^wus compound preser^ ffi the reaction 

prodict of the invention is usually n tfje range 0.1 to 4.0 mole of phosphorus to 
1 moie of met^ {titanium, zirconium or durmiium). prdw^ \n the range 0.1 to 
2.0 moie phosphorus to 1 mote mdai and most preferably ffi the range 0.1 to 1.0 
rraie phosphorus to 1 mde met^. 

15 A^ase is also used in prep^mg the reactton proc&ict of the invention. 
The base is generally as) inorganic base and suitable bases indu(te so(feim 
hy(yoxsde, potassium hydroxide and smnonnMn hydroxide, but organic bases 
sucn as tetrabutyl srmonium hyc^oxide w choline hydroxide [trinr^ethyi- 
(2-hycroxyethyl)ammormim hyc^xide] cm also be used. Usuaiiy. the anrount of 

20 h^ ised is m the range 0.1 to 4.0 mote base per mete of metal (tttanwm, 
zffconsum or ^minium). The prrfierred amount is ffi the range 0.1 to 2.0 nxjie 
base per mole of metal and, frequmi^. the anraunt of base present is si the 
range 0.1 to 1.0 moie base per mole of tManium, Tsccmfum or ^rniinkim. 

When 2-hydroxy cartx)xylic acsds are used to prepare the procbicts of the 

25 kivOTion, prefenred acids used indude tecbc ackl, dthc acid, mate add and 
tartaric add. Some suitable adds &b sapp^ as hyd^tes or as s^ueous 
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rraxtures and can be used in this form. When a 2-hydroxy add is present, the 
preferred molar ratio of add to titanium, zirconitffn or ^uminkjm ffi the reaction 
product is 0.5 to 4 moies per nrK>le of titanaim, zranium or ^jminami. More 
pr^erabiy the catalyst cmtains 1.0 to 3.5 mdes of 2-hydrQxy add per mole of 

5 txtaruim. zirconnjm or aluminkim. 

The orgarromeiaCc compound can be prepared t>y mbdng the 
conponents (orthoester or condensed orthoester, ^hoi containkig ^ least tm 
hycbDxyf gnx^, organophosphorus compound and base) with remove, rf 
de^^, of ^ by-product, (e.g. isoprq>yl akx^ when the orthoester is 

10 telraisopropoxytitanium). ^ any appropri^ stage. In one preferred method the 
orthoester or condersed orthoester and a d^rydric alcohol are mbced 
subsequently, a base s added. k)Uowed fcty the or^nophosphcrus conrpound. 
When a 2-hydroxy catX3xyl')c Bad is aiso present in the reaction proc&jct, this is 
usu^ added to the orthoester or condensed or^oester b^ore the 

15 organophosphorus conpouid is added. Alternatively, all or part of the 2-hydraxy 
carboxylic add can be neutrafised with the base and the resulting satt added to 
the other components of the reaction mixture, TOiuding, if desired, a further 
portion of the base. 

The esterificatior reaction of the process of the inverition can be any 

20 reaction by which an ester ts produced. The reaction may be (0 a direct 
esterification in which a caitxncylic add or its anhydride and 3n aioohot react to 
form an ester or (it) a transesterification (alcoholysis) in which a first alcohol 
reacts with a first ester to produce an esta* of the first alcohoi and a second 
aicohoi produced by deavage of the first ester or (tii) a trargest e rific a tion 

25 reaction in which two esl^ are reacted to fbnn two cfifferent esters by exchange 
of aflcoxy radicals. Direct e^erification or transestertfication can be used in ttie 
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production of pdymenc esters and a preferred process of the invention 
COTipnses a poiyestertfication process. Many cstxsxyic acids and anhydrides 
can be used in direct esterfication indudkig satiffi^ed and unsaturated 
monocart)oxy{{c acids and aihydrides of such adds such as stearic acxi, 
5 isostearic acid, capric acid, caproic add, (^kiBtic add, oleic add. paimioieic 
add, triacontSKHC add, benzoic asd, methyl ba^zok: add, saiicyitc add snd 
rosin adds such as abietic add^ cficarboxyitc adds such as phthaik: add, 
isophthaTic add, ter^Mhaiic ackl, sebadc add, adipic add. aze^ add, 
sucdr^ acid, iiimaric add, n^eic add, naphthatene {Scart)oxyiic add aid 
10 panootc acid aid anhydrides of these adds and pdycarDcxytic adds sudti as 
trimei^ add, citric add, trmiesic aisd, pynmieStk: add ^ anhydrides of these 
adds. Alcohois frequency i^ed for direct esterSlcation nckxie al^atic straght 
chain and branched monohydhc ^cohds such as tRriyl, pentyl. hexyi, octyi axl 
stearyi alcohofs, dihydric ataohofe such as 1,2-ethanedk>l, 1,3-propane<fiol, 
15 1,4-butanediol aid 1 .6-hexanediol and poiyhydric icohois such as glycerol and 
pentaerythntd. A preferred process of the invention comprise reacting 
2-ethytTexanci with phth^ anhydride to forni bis(2-^hyfr»exy!^hthalate. 

The esters enrptoyed m an aicohotysis reactiOT ae generally the iower 
homdogues such as methyt, ^tiyl and propyl esters since, during ^ 
20 esterification reaction, it is usual to e*ffninate the daspkaced alcohol by dista^on. 
These lower hcwnologue est^ of tte acids si^dbfte for cfirect esta^ication are 
surtabte for use in the transesteruication process accor&\g to the HwenSon. 
Frecpjentiy (meth)acrylaie ^tas erf longer chan alcohols ae produced by 
aicohoiysis of esters such as cnethyl acrylate. methyl rrethacryiate. ethyl aoyiate 
25 aid ethyl meihacrylate. Typical ^cohols used *m aicohoiysis reactions indude 
txrtyl. hexyl. n-octyl and 2-ethyi hexyl atcohds and substituted alcohols such as 
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cfimethytanranoethanol. 

Whai the esteriication reaction is a traisesterScation b^weeh two 
esters, generally the esters wiB t>e selected so as to produce a votetfle product 
ester which can be renrK3ved by distaiatim. 
5 As motioned hereinbefore, polymeric esters cai be produced by 

processes involving drect esterification or transe^erification effid a particuterty 
pr^OTed en*odiment of the estErificatkxi process of the irrvention is a 
poiy^terification reaction in the fffesence of the catalyst described hereinbrfbre. 
In a polyesterification reaction polybasic ackte or esters of polybasic ackte are 

10 usuaiy reacted with po»yhydric akx^x^ to produce a pdym^c est©-. Lfftear 
polyesters ^ often procfejced from dibasic acate such as those mentioned 
herembefcre or esters of said dibasic adds and dliydrk: aicohols. Pr^erred 
polyesterification reactions accordffig to the invention ffxtude the reaction of 
terephtteiic add or dimeffiyl terephthalate with 1J2^ethaiedk5i (ethylene ^col) 

15 to produce polyethylene ter^th^ate or with 1 .4-butanedid (butyt«ie glycoQ to 
produce poiybutylene ter^)hthalatB or reaction of raphthatene dfcarboxyiic ^d 
with 1^-ethanediol to prodixe polyethylene naphthdenate. Other glycols such 
as -!.3-propanediol, 1 .6-hexanedioi and pdyhydric alcohols such as glycerol, 
trimethylolpfopane and pentaerythritol are stfso suitable fa- prq>aring polyesters. 

20 The esterification reaction of the invention can be caned out using any 

apprt^jriate, known technique for &n estCTfication re^ition. 

A typical process for the preparation of polyethylene ter^>hthalate 
corr^xises two stages. In the first stage terephthafic add or dimethyl 
terephthaiate is reacted with 1,2-ethanediol to form a pr^K>tyms' and the 

25 tjy-product w^ or m^hand is removed. The prepolymer is subsequently 
heated in a second stage to remove 1,2-^hane<&)l and form a long chain 
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polymer. Either or both tiese stages may compree an esterincation process 
accordrtg to this inv^ilson. 

In direct esteriflcdK^ the add or aihydhde and an excess of alcc^ 
typHc^iy heated, if necessary m a sdvent, in the presence Sie catalyst Wata- 
5 is a by-product of the reactkHi and this is removed, as an azeotrope with a 
boiling mixture of solvere ^or alcohol. Generafiy, the savwt axl/or ^»hol 
mixure which is conctensed is Mnmiscibie with wata- which is therribre 
separated before solver^ and/or alcohol are r^umed to the reaction vessel. 
When reaction is conriptete the excess sdcohol and, when used, soh/ent ^ 
10 evaporated. In view of the fact that the catalysts of the ffivenSon do not nomidly 
form resoluble species, a is not generally necessary to remove them fran the 
reacsion mixtiffe. as is frequently necessary with conventionai catalysts. A typical 
dffect esterifkstion reacaon is the prepar^kxi of bis(2-^hytiexyl) phthatete 
which *B pr&i^red by nrrong phth^ic artty6sy6e and 2-ethy! hexaid. An initia! 
15 reaction to form a monoester is fast but the subsequent conversion of the 
monoester to diester is COTed out by refluxrig in tr\e presence of the cat^yst at 
a tenperature of 180-20CrC until all the water has been removed. Sutjsequentiy 
the excess ateohoi is removed. 

In an alcoholysis reaction, the ester, first *»hol aid catdyst are rraxed 
20 and, genaraily. the product ^cohd (second aicohd) is rsnoved by dfeifflalion 
often as an azeotrope wflh the ester. Frequent}y it is necessary to fractionale 
the vapour nwxture jxoduced from the alcoholysis ki order to ensure that the 
second alcohol is sep&sie6 ^ectiveiy wilhout siyuficant toss of product ester 
or first alcohol. The conditions iflfider whk^i alcoholysis reactions ^ carried out 
25 depend prindpally upon the components of the reaction awJ genwally 
corr^xTnents are heated to the boiling point of the rruxture used. 



wo 99/28033 



PCT/GB98A»448 



9 

A pretered process of the invention is the fMieparation of potyethyioie 
terephtfalate. A typical batch production of pdy^hytene terephthaJate is carrtel 
out by chargkig terepWhafic acid md ethylene glycoJ to a reactor aiong with 
caayst if desired and heating the cOTtents to 260 - 27Crc under a pmssure of 
5 about 0.3 MPa. Reaction comrrences as the ackJ dissolves at about 230*C and 
water is removed. The product is transferred to a second ajtocteve reactor sxi 
cat^yst is add«l, if needed. The rector is heated to 285 - 310*C under 
eventual vacuum of 100 Pa to remove Xylene glycol by-product The molten 
product ester is discharged from the reactor, cooled and ch^ed- The ch^jped 

10 polyester may be then subiected to so6d state potymerisation, if appropriate. 

The amount of catdyst used ri the esterifjcattei proc^ of the invention 
gen»aiy depends upon the titanium, zirconium or akmnEnium content, expressed 
as Tt, Zr or Ai. of the c^aiysL Usually the amount is from 30 to 1000 parts per 
milion (ppm) of metal on weigM of product ester for direct or traisesterifc^n 

15 reactksns. Preferably. amount b from 30 to 450 ppm of metal on weisfrt of 
prcKfejct ester and more pr^eraWy 50 to 450 ppm of metd on wei^ of proAjct 
ester. In polyesterificatior reactions the amount used is generally expressed as 
a propOTtion of the weight of product polyester and is usu^ from 5 to 500 p?»nn 
expressed as U 2r or AI based on product polyester. Pr^ierably the anount is 

20 frof" 5 to 100 ppm expressed as Ti, Zr or AI based on product polyester. 

The products of this invention have been shown to be effective catalysts 
for producing esters and polyesters at an economical rate without leading to 
haze ffi the frol product awl with a reduced amount of yeflowmg of polyesters in 
comparison to known catalysts. They have also been shown to be stable agaetst 

25 predpifation from polyester products when aqueous base or phosphoric add is 
added to such products. 
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The invention Is &stralecf by the following examples. 
eXAMPtgi 

Ethyt^^ gtycol (496.0 g, 8.00 moles} was added from a droppffig fimel 
5 to stirred titamum n-buloxide (340 g. 1.00 moie) in a 1 gtre fi^bOMd tiask fitted 
with stinrer, condenser and themiometer. An ac^ieots sdutbn of socium 
hyc^oxzde. containing 32% hteOH by wel^t (125 g, 1.00 rmie) was ackjed to 
the reaction flask stowty wth mixing to yiekl a pale yeSow lk)URl. To Ihts 
liquid was then added a polyethylene glycol phosphate teving a carbon chan 
10 ien^ of 12 cart}on atoms and av^ble cmimerd^ iffxter the trade name 
Knapsack 194, (215.8 g, 0.55 rTU>ie of phosphorus) and the resulting mbdure 
was stared for 1 hour to produce a pale yeSow UqukJ with a Ti corttent of 4.07% 
by we^jht. 
EXAiiPUg2 

15 The method of Example 1 was repe^ed with the difference that 0.28 

mole based on phosphorus (107.9 g) Kn^>sack 194 was added. The product 
was a pale yeik3w liquid wfth a Ti cc»tort of 4.49% by weight 
EXAMPLES 

The method of Example 1 was repeated but 0^ moie. based on 
20 phospiTorus (91.0 g) commerdai bu tyl ackj phospha te (mixture of mono- and 
di-butyl acid phosphates) was used in pt^ of the Kn^i^ack 194. The product 
was a pste yefiow liquid wi§i a Ti content of 4.56% by weight 
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EXAIItPLE4 

Th method of Exanple 3 was repealed eocept that the am 
add ;tfK3sphate used was 1.00 mole based on phosphonis (182.0 g). The 
product was a pale yeBow iquid with a Ti content of 420% by weight 
5 EXAMPLES 

The method of Exan^ 1 was r^)eated but 0.64 mole based on 
phosphorus (431 .6g) of an aryi poty^hyferte glycol phosphate, sold 
comn^fcialty imder the trade name Knapsack 123 was used ki place of the 
Knapsack 194. The product was a pale yellow gqwi with a Ti content of 3.45% 
iO byweght. 
EXAIgLE6 

The method of Ex^ple 5 was repeated except that the amount of 
Knapsack 123 used was 0.32 mole based on phosphorus (215.8 g). The prockict 
was a pale yeOow liqukj w!^ a Tt cont^ of 4.08% by weight. 
15 BCAMPLE7 

Ethylene glycol (248.0 g, 4.0 moies) was added dropwise to stirred 
titaraun isopropoxide (142 g. 0.5 moles) ffi a 1 litre fishbowl flask fftted with a 
stin^. thernx)meter and condenser. Aqueous potassium lactate (60% by weight 
213^ g. 1 .0 mde) was added from a dropping finnd to the dear sofextion which 
20 was then heated to 65^ C ur^r vacuum and voiatile sdvents were removed to 
yieW a dear, pale yellow liquid. A portkxi (82.19 g. 0.1 mole Ti) was weighed into 
a 250 ml conical flask and commercial butyl add phosphate (9.1 g. 0.05 moies 
based on phosphorus) was added Tran a dropping ftjmel with stirhng. The final 
prcx^ was a dear, pale yeOow liquid (T content 526% by weight). 
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HXAMPLEB 

Ethyten gtycoi (49.6 g, 0^ rrwtes) added by chopping ftsmel to 
stirred titanium rvbutoxide (34.0 g, 0.1 mote) in a 250 rrt conical fiask. An 
aqueous solution of sodkm hydraxide containing 32% NaOH by wei^ (12.5 g, 
5 0.1 mote) was added fbicwed by a polyethylene glycol phosphate having a 
carbon chain leigth of 12 and comm«TOSy under the trade name 

Knapsack 122 (32.3 g, 0.05 motes based on phosp^wis). The r^utting pro&id 
was a white sofid having a Ti content of 3.74% by wei^ 
EXAMPLE 9 

10 Ethytene glycol (49.5 g, OjB mole) was added by (Sxjpping ftmel to 

stirred tctoiium n-butoxide (34.0 g, 0.1 mote) ffi a 250 ml conical Sa* An 
aqueous sokition of socfem hydroxkte cwttaining 32% NaOH by wei^ (12.5 g, 
0.1 mote) was added followed by <a>utyl f^phate (10.5 g. 0.05 woke). The 
resufting product was a hazy liquid havffig a meaaired Ti cont^ of 4.56% by 

15 weight 

EXAMPLE 10 

Monoethytene glycol (49.5 g, 0.8 rrote) was aMeti by dropping funnel to 
stin^ condensed titantisn alkoxide known as polybutyi titanate (Tikxxn* PBT) 
(Ti content 20.0% by wt) (24.2 g. 0.10 moles Tl) ffi a 250 ml corned ftask. An 
20 aqueous sdutkn of sodnm hydroxide containing 32% NaOH by weight (12.5 g, 
0.1 rrwte) was added followed by a cwmi^ciai butyl pho^)h^ (9.1 g, 0.05nx)te 
based phc^phorus). Tne resiMr^ product was a white soSd having a Tt 
omtent of 5.03% by weigJiL 
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EXAMPmH 

Diethytene glycd (848 g. 8.0 motes) was added by chopping funnel to 
stirred arconkim n-propasdde (Tilcofrt* NPZ) (445 g. 1 .0 moie Zr) m a 2 fflre-flask. 
A portion of this solution (129.3 g, 0.1 motes Zr) was weighed into a 250 ml 
5 conical flask and an ac^ieous solutton cording 45% cnofine hydroxide by 
weight (13.45 g. 0.05 motes) was added foltowed by a commerdal buty! 
phosphate (9.1 g, 0.05 motes based on pho^rf)oms). The resufbig product was 
a drar yeifow solution tewig a Zr content of 6.01 % by weigJ^ 
EXAMPt^l? 

10 Diethytene glycoJ (84.8 g, 0.8 mote) was aided by dropping funne! to 

stirred alumffiium sec-butoxide (24.6 g, 0.1 mote) In a 250 mi conical flask. An 
aqueous solution of sodiiffn hydroxkJe containrtg 32% NaOH by wei^t (12.5 g. 
0.1 nx)te) was added fbfiowed by a conmerd^ butyl phosphate (9.1 g, O.OSmde 
based on phosphorus). The resulting product was a dear soTsd gd having ^ Al 

15 content of 2.06% by w©c*Tt 
EXAMPLE 13 

Ethylene gtycol (24.8 g, 0.4 mote) was added by droj^ing funnel to 
stirred titanium n-butoxkle (34.0 g, 0.1 mote) in a 250 ml conkal ffask. An 
aqueous solution centring 45% by we^ of choline hydrodde (26.93 g, 
20 O.lmote) was addedfoflcwedby acommerctai butyl phosphate (182 g, 0.1 mote 
based on phosphoms). The resulting product was a dear pate yellow iqjuU 
having a Ti content of 4.62% by weight 
EXAWH-g 14 

Ethylene glycol (992 g, 1.6 mote) was added by dropping funnel to 
25 stirred titanium n-butoxide (68.1 g, 02 mote) in a 250 mi conk:^ fla^ An 
aqueous solution of sodium hydroxide contaffiing 32% by weight NaOH (25.0 g. 



wo 99/28033 



14 



PCT/GB98A)3448 



0^ mole) was added foicwed by convn^xial butyl phos^^)^ (18^ g, 0.1 moke). 
The remitting dear liquid product was transferred to a 500 mi rotary evaporator 
flask and solvents were r^noved wder vacuum at 95^ C to yieki a hazy liquid 
having a T\ content of 10.54% by weigtU- 

5 EahFiJkf^goa 
EXAMPLE 15 

The products of Ex^nptes 1, 3, 5 and 7 were tested at a c oncen tr a tion (rf 
170 pom Ti as catalysts for the preparation of bs{2-^hyfhexy! phttelate). 
Trt^ajm tetraHsopropoxide [TKOPrTJ was used as a comparative catalyst 

10 The apparatus was a 1-Otre, 4-nedced round-bottomed flask fitted w^ a 

tt'^ermc^neter, ni>ber se^ a ti^ dipping betow the surface of the reactants and 
a i3ean and Stark apparatus. The ec^m^ was operated under reduced 
pressure using an oil vacuum p^xr^) cortnected to two water condensers fitted 
above tie Dean and ^ark apparatus. The dip tube ki the fiask was connected 

15 to a supply of oxygen-#ee nitrogei. This provkted a nitrogen bleed to akl the 
removal of water durmg the reaction. 

1.0 mole (148 g) phthafic aihymde was added to Z42 moles (315 g) 
2-ethyfr%xarK»i. The mixture was heated to dissolve the phth^ anhyciride and 
the nitrogen ftow started. 

20 A weighed anrxxjnt of c^alyst was added to tte reactk}n flask m a 

porceiain bo^ before heating the mixture, except for TiOPf)^ whteh was adcted 
as a sdution in 2-ethytiexanol via the rubber se^ wfth a syrcnge. bdow the 
surface of the reacts. The readkxi mixture was heated to and n^mitamed at 
a vigorous reflux at 200^C by suSabte ac^ustrrwrt of tte heatffig rate ^ 

25 vacuun. The water produced was removed sii)8tantiaBy as (^Jk:kty as it was 
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formed and collected in the Dean and Stark appar^us. 

The prog^ss of tte reaction was fotkswed by wibdrawrng samples at 
irttervais by nr^ns ol a syringe fitted with a 20 cm needle ins^ted through the 
rubber seal. Each san^ was added to a known weig^ (approximately 100 g) 
5 of cotej akxM to quench the reaction, weighed ^ trtraied against standard 
potassiun hydroxkie sobitnn \n ethand using bromophenoi blue as 'm6ks^. 
The results were used to cateulate the anuxint of unreacted half-ester pres&il 

The reaction was continued for a tc^ of 160 minutes. 

The reailts are ^ven in Table 1 bdow: 
10 TABLE 1 



Catalyst 


i 

Product 


Product 


% 




Colotff* 


Clarity 


Conversion | 




85 


Hazy 


99.95 1 


Example 1 


70 


Clear 


98.59 


Exanple3 


60 


Clear 


96.43 


ExarpleS 


70 


Clear 


97.64 


Example? 


80 


Clear 


93.54 

1 1 



' htezen units. Colour of final reactk>n mixture. 

The products of Examples 3. 5 and 8 to 14 were tested at a 
concentratkxi of 164 ppm Ti or Al or 340 ppm Zr based on reactants as catatysts 
15 for the prep^ation of monoethyleneglycol benzoate. Tftanium tsopropoxide 
l^(OPr*)J and antimony oxidS'were used as comparative examples. 

The a|}paratus was a 1-iitre, 4-necked rourxJ bottom flask fitted with 
themiometer. rubber seal, dip tube beksw the surface of r e ac t ants and Dean and 
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Staric ffi)paratus. A ^ass column (30 cm) ccmtakiing beads was attached 
between the reaction Sa^ and Dean and Stsk apparatus. The equrpnnent was 
oper^ed under vacuur. ussig m oi vacuum pump corn^cled to a water 
comtenser above the Dean and Stark apparatus. The tube was connected to 

5 a supply of oxygen-free nitrogen aoid (xovkied a nitrogen bleed to aki the 
remove of water durir^ tie reaction. 

, 0.5 mole (61.08 g) benzoic zd6 was added to 10 mckes (620 g) 
mono^hytene glycol. The excess of gfycxA was used to prevent benzoic add 
subfimabon and to mir^mise potycmdens^on ructions. The catalysts 

10 added as solutions or suspensims m the monoethyleneglycol to ensure good 
dispersion. The mature was heated to dissolve the benzoic add and the 
nitrogen flew started. The temperature was rased to 180** C and after 5 mrtutes 
a slight vacuum was appied and the tanperatire rabed to 200° C. Dtstilation of 
the wst^/monoethylene ^ycd ccMTtmenced aH dbwt 150° C m6 the reactions 

15 were maintasTed at a vicctous reflux at 190 to 193** C by sij^^3te a<^iStn>CTt of 
heating rate and vacuum. The water produced was removed with 
monoethylenegtycol and collected via the Dean and Stark appar^s. 

Progress of tte reaction was followed by withcrawing s^nples at 
inten/* by meais of a syringe titled with a 30 cm neede inserted through the 

20 nibba- sea). Each sample was added to a known wei^ (a^j^ M ox imate ly 100 g) 
of cold alcohol to quench the reactxvi, weig^ and titrated against standi 
potassimi hydroxide sdutton in ethanol usmg bronrK>phenoj bkie as indkstor. 
The resists of add value (AV) were used to cakxdate the perc^rtage conversion 
to benzoate ^er. The reactions were each monitored for a tot^ of 180 mimites. 

25 The results are given in Table 2 betow. 
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Catalyst 


% Conversion 


Ester 
Colotff 


SOmin. j 120 mtn. 


150 min. 


180 min. 


Sb oxide' 


46.09 i 53.05 


61.05 


66.16 


paieyettow 


Ti(Ofn 


70.63 * 81.84 


99.67 


99.39 


cx>loui1ess 


ExampieS 


92.83 1 98.59 


99.39 


99.53 


colouiiess 


Example 9 


96.60 


9927 


99.62 


99.61 


coiourtess 


Example 10 


94.91 


97.42 


98.03 


98.52 


cdoifltess 


ExfflTptell i 45.93 ! 50.40 


50.97 


54.60 


whrte/doudy 


Example 12 


32.09 ; 38.50 j 44.50 


50.44 


whrte/doudy 


Exar^^ 13 


97.61 j 98.43 


99.76 


99.87 


cotouftess 


Example 14 


95.75 j 9827 


99.48 


99.66 


coiourtess 


ExampieS 


97.23 ' 97.54 


98.04 


99.60 


colouless 


Exanpie3 


98.56 99.01 


99.10 


99.78 


cotouiless 



* Amspec Setect AnthTiCTw OxkJe {3%wt^ nwno^^ 



After the reactkan flask had cooked, a rampte was rOTOved for gas 
chronr.atographic (GC) a-^sis. tt was found that different catalysts produced 
5 varymg proportions of the products. The products formed were ethyteneglycol 
monobeizoate (EGMB), ^hytenegiycot da)enzoate (EGDB), diethy«enegtycol 
(DEG). cfiethyieneglycoi monobenzoate (DEGMB) and cfirfhylene glycol 
dtoenzoate (DEGDB). The proportions (by area % from GC) a-e reported in 
Table 3. 
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Catalyst 


EGIB 


E60B 


DEG 


DEGUB 


DE60B 


Sbaxide* 


6.67 


0.72 


0.48 


2.75 


- 


TKOfV), 


1.71 


17.26 


0.46 


0.47 


3^ 


Exan^e 8 


1.93 


12.89 


ca0.04 


0.08 


0.71 


Example 9 


1.94 


12.88 


ca0.04 


0.24 


0.48 


Exampte 10 


1.98 


14.58 


ca0.08 


0.26 


0.30 


Exanpie 11 


1.38 


3.93 


0.53 


0.45 


2.36 


Exanr^ 12* 


0.91 


4.01 


0.70 


0.41 


1.39 


Exanpte 13* 


2.16 


15.62 


0.15 


Q21 


0.77 


Exanpie 14 


1.79 


19.87 


ca0.07 


0.30 


0.91 


Example 5 


3.02 


25.50 


0.28 


0.24 


1.28 


Exanpte 3 


2.61 


19.10 


0.1 


0.21 


051 



* Amspec Select Antimony Oxide {3%wt/wt mono^hytene glycol) ^ 164 ^wn Sb. 



'Anaiy^ of s^jematarrt Bquor. 

The results denwistrate ttet the c^^ysts of »>e tnvenfcn are effecSve 
5 for the esterifkratjon reaction of benzoate esters and prockice products with 
lower ievds of DEG by-prodixrt than antimony odde or conventional tftaniuni 
catalysts. 
EXAMPLE 17 

A polycondensatwn reaction was c^ried out in a med^anicaily-OTred 
10 300 mi glass vessel fitted with side arm aul coW tr^ for coSection of 
monoethyiene^coi. A thermostaticafly controlled cranic heating etemem was 
used to provide heat and an oa vacuum pHmp was core^cted to the odd tr^. A 
nitrogen blanket was provided via a connedfan to the cdd trap. 
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Pt^ethytene terephlte^ vyas prep ar ed from 
(hydroxyethy<)terephthal^ potymer precursors suppfied by ICI Poiyesters. Two 
samptes were used; sample A was a short chain polymer co n l agw tg 
approocimately 4 ethyiene ter^)hthaiate repea&r^ units whist sarn;^ B was 
5 technicaOy ptro bfs(hydroxyefhyl)tefephthaiate. Sanple A ateo contained 
approxHnatety 5 mol% add end ^oups. 

100 g of (hydroDcy^erephthalate polymer precursor was pi^^ed In the 
reaction fiask under a ngrog&i fkrn, foBowed by a-cSute sohition of catalyst (Ti 
added ^ 30 ppm) in nwncethytenegiycol. This was he^ed wfih stining to 250* C 

10 for 20-25 minutes at which point a stabdiser (phosphoric add. 100 ppm) and 
cobatt acetate tetrahydrate (250 ppm) were added, again as sofejtions in 
monoethyienegiycol. The nitrogen flow was stopped and vaawm ap(^ed 
steadiy to 100 Pa. Afte- 20-25 nmutes the temperature was increased steadiy 
from 250" C to 290° C. The consjnption of the electhcal stin^ Rxreased 

15 with the viscosity of the polymer and the stirrer revotutions chopped. The 
revoiutksns were monitored unti a pred^^n^ned v^ue for tr% per4>heral speed 
of the agitator tip (15knvh) was reached at which point the vacuum was broken 
with njtrogen and the moiten polymer discharged and quenched into cold water. 
It was then dried for 10-14 hours at 50" C in a vacuum oven. 

20 The colour of the polymer was measured using a Cciorgard System 

2000 Cotorimeler. CorrmDn models to use for cokxir expresskxt are the Huiter 
Lh, ah and bh or Ctelab L*. a* and b* scales wtiere the b-value in both desaA>e 
yellowness. The yellowness of the polymer increases with b-vdue. 

The polymer motecuia' weig^ were measured by Gel Permeatton 

25 Chromatography (GPC). 

The results are given in Table 4. 
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TABLE 4 



Catatyst 


Monomer 


Reaction 


C<riour 


Cokxr 


Molecular 




Sanrple 


Tmne 


(b* value) 


(bh value) 


Weight 






(Mnutes) 






(Mn) 


Sb oxide' 


A 


195 


6 


5.32 


19.330 




A 


110 


6.7 


5.37 


16^290 


Ex^pleS 


A 


140 


3.39 


2.78 


11,480 


Ex£ffnpie3 


A 


145 


3.34 


Z57 


14.130 


Sboxkte' 


B 


135 


0.71 


0.56 


19.550 


Ti(OPf)^ 


B 


S 115 


9.06 


6.67 


15,190 


Example 5 


B 


80 


5.93 


4.63 


12.770 


Exarr^le 3 


B 


100 


4.05 


2^ 


15,420 


Exanr^le 10 


1 ° 


100 


8.65 


6.30 


MA 


ExarT?)te 13 


1 ^ 


95 


4.47 


3.56 


NA 



* Antknony oxkie Cat^yst Grade trom SICA added at 250 ppm Sb. 



NA - not ava^bte. 

These results indcate that the cat^ysts of the invCTtion a'e active for the 
5 prepa^^ of polyethylene terephth^ate ^ are capable of produdng pc^ymer 
with lower yeBowness vsiues thai conventto:ai titanium-based catalysts. 
EXAMPLE 18 

tt has been postzisted that one mectoism causing csscdouration when 
titankim catalysts are used to prepare polyethylene terephth^ale is interaction of 
10 the catalyst with a therms decofT^}osition product of polyethytene terephthalate. 
Catalysts of Examples 1 to 7 were assessed by mboDg with one such 
deconr^ition product, (fie*iykaiydroxy terefrfrth^^ (DEDKT) in toluene. The 
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stoxlard cat^t, ttenkim tetra-isoprcpoxide fTKOPrOJ was used for 
cotnpsnson and was added to 0.4 g DEDHT in 10 ml totuene. The catalyists of 
Examples 1 to 7 were atkled to DEDHT/lotuene solution of a sanflar 
concaitration ti an amoiHtt suffkaent to produce the sane Ti concentration in 
5 the mature and the cckxir of each of the nribdures was d^srni^ 
200 ^)ectrophotDmeta' in 11 ml gjiasB cuv^les. The results are given in Table 5. 



TABLES 



Catalyst 


Colour 




(Gardner units) 


Hone 


6 


Tt(OPr), 


11.9 


Exarr^ 1 


6 


Exsnple2 


8.5 


Examples 


5.5 


ExsffnpleA 


5.5 


Examples 


5.5 


Exampte6 


8.5 


Exanpie7 


7 
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1. An organomet^ compound suitable for use as a catalyst for the 
preparation of an ester ctsnprising the reaction proc&tct of an orthoester or 

cond^ised ofthoester of titankim. zrconiuni or ^umnkim. atedx)! cnntsinkig 
5 at least two hydroxyt grcAips, sffi organq)hosphons cort^XHmd containOTg at 
least one P-OH group and a ksase. 

2. An organom^afllc compound accorcfing to dam 1 ccmprising the 
reaction product of an oet^oes^ or condersed orthoesta' d titamim, zircOTrum 
or ^uminhmv an ^cohd containing ^ )east two hydroxyl groups, an 

to org^K)phosphorus compound containing at test one P-OH group^ a base and a 
2-hyc^xy caixjxyfic acki 

3. An organcHTi^^ic compound accOTfing lo ci^ 2 characterised in 
that tiie 2-hydroxy acki is lactic add, cttrk: ackl, ni^ 

4. An organomet^ compound according to any one of the prec^iing 
15 daims char^terised m that, the orthoester has tie fonrnfe fA{OR)^ or A1(0R)3 

where M is titanium or zirconium and R is affi ^kyl ^oup oxttanrtg from 1 to 6 
cart)on atoms. 

5. An organon^iaiic compound a ccor d rtg to any one of daims 1. 2 aid 
3 characterised in that ^ condensed orthoester has a stnxrture which can be 

20 reprraented by the forrmia, R'O[M{0R')20y?^ where M is tit^iiOT or zircOTum, 
is ^ aikyi group contemfftg 1 to 6 cartxxi atoms and n is less than 20. 

6. An organometafiic compound accorcfing to any one of the precec^ 
daims charadaised m &iat the alcohol c on t ani ig at teast two hydroxyl ^rxqps 
is 1^-^ane<fioi, 1^-propanedid, 1,3ixopaietfiol, 1,4-butane<fiol. 2-m^hyl- 

25 2,4-perrtanecfioi, diethytene glycol, poJyethylene glycol, glycerol, trimethytol- 
propane or pentaerythrftd. 
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7. An organomtt^ic compound according to any OTe of the prece<flrig 
claims characterised in that th reactim prockict is prepared by reactkrtg a 
dihydhcalcohd with an sthoester or condensed orthoester 01 a ratio of 1 to 
16 n^)ies of dihydric aioohol to each mole of titaniuni, zirconkmi or akimfaiiim 
5 8. An organom^affic compound according to any one of the prec^ingN 

claims characterised in Ttat the organopho^)horus compoufKl is a phosphate, a 
pyrophosphate, a phospncnate, a phosphin^ or a phosphite. 

9. An organom^aatc corr^xsund according to any one of the p 
datms characterised v\ ttat the or^ophcsphorus corr^KXjrxj ts a sut)Stituted or 
10 unsubst^ed aikyt phosphate, a substituted or unsubstituted arfi phosphate or a 
phosphate of ^ alkylar^^ glycol ether or an aDcyl glycol ether. 

^0, An organometalltc conr^)ound £Kx»rdff)g to any one of the preceding 
daffns charactersed r. that the organophosphorus compomd is an 
phosphate in which the organic group COTtains up to 20 cartxm aton n s . 
15 11 . An organom^aHic c^npound according to any one of claims 1 to 9 

characterised ffi that the organophosphorus compourKi is a pho^)hate of an 
alkyteTl ^col ether or an alky! giycol ether having a carbon chain length up to 
18cartx)n atoms. 

1 2. An organometaltic compound acct»ding to any one of the preceding 
20 claims characterised in that the organophc^homs compound is present in an 

amount in the range 0.1 to 4.0 mole of phosphorus to 1 mde of titanium, 
zirconium or ^uminium 

13. An organometaflic compound according to any one of the preceding 
daims characterised in &iat the base is present in an amount ii the range 0.1 to 

25 4.0 mote of base to 1 mote of titankjm, zirconium or aluminium. 
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14. An organomeMic conr^Dound accord!^ 

characterised in that the 2-hydroxy acid is pr^OTt in an aixjunt in the range 0.5 
to 4 mole actd to 1 mote of teBiaim, zirconium or duminium. 

15. A process for the preparation of ester amprising cairy^ 

5 esterification rractiOT in the presence <rf a catalyst comprfeing die re^:tion 
pnxfeict of ai orthoester or condensed orthoe^ of tftankjm. zirconium or 
atuminiimi, an alcdhbi contaanffig at ieast two hydroxyi grojps, an 
organophospfwus compound containing at lea^ one P-OH group and a base. 

16. A process according to dasn 15 characterised in that the 
10 este^ication reaction comprises reaction of an aio^ with siearic add, 

isostearic acid, capric acsd. cafroic ^d, paJmitic add, otek; add. palmitoleic 
acki, triacontaioic acid, baizotc add, methyl benzoic add, salicylic ack!, a rosin 
add, abietic add, phthaac acki, isophthafic add, terepWhaiic add, setjadc ackJ. 
ad^ic add, az^ic add. sucdmc add, fumark; add, m^oc add, naphth^ene 
15 dic&tx>xylic add, pamoc add, trimellitk: add, dtnc add, trknesk: add or 
pyron^aitk: add. 

17. A process according to daim 15 characterised in that the 
esterincatkjn reactton awrprses reaction of an ^cohol with an aihydride of a 
dic^tx)xylk: ackj or a trk:^t)oxytk; add. 

20 18. A process accorcfing to daffn 15 characterised ki that the 

^teriffcation reactton cOT^roes reaction of a m^hyi est^-, an ethyl esta* or a 
propyl est«- of aaylic add or methacrylic add with an ateohoL 

19. A process accordk^ to dam 15 character in that the 
esterftstion reaction comprises re3ctk>n of two esters to produce two different 

25 esters by exchange of aflcoxy groups. 
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20. A process accorcing to daim 15 characterised in that the 
esteriflcation reaction comprises a potyesterfficatton ocmiprising the reaction of 
ter^)hthaitc add, dim^hyl terephth^ate or naphttaiene dicartoxylic add wih 
i;2-ethffliediol, 1.44)iAanedk>i, 1,3^)rDpane<fioI. 1,6-hexane<fid. trim^hyW- 

5 propane or pentaerythraoL 

21. A process according to ^ one of claims 15 to 19 charader^ed in 
that tf^re catalyst is presertf in an amount in the rm^ 30 to 1000 parts per nrAon 
catcul^ed as parts by weight titanam, ziroc^ium or akinBun with re^>ect to 
wei^ c4 product ester. 

10 22. A process according to dami 15 or 21 characterised en that the 

esteriflcation reaction is a potyesteriftcation and the cat^yst s preserrt in an 
amcx^ ffi the range 5 to 500 parts per m^on caicuteted ^ peffts by weignt 
titanajm, zirconwm or afeaninium with resped to w^ght of product pdyester. 
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